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tions without the need for the traditional sternotomy
incision.1-3 The quest for minimizing the surgical inci-
sions necessary for these procedures has been fueled by
many disparate factors, including enhanced patient out-
come, speedier patient recovery, less trauma, and better
cosmesis.4 Although several studies have documented
the perioperative outcomes of a minimally invasive
approach,5-7 it is unknown whether the longer term out-
come of a complex valvular operation, such as mitral
reconstruction, would be compromised or unaffected by
this newer surgical approach. This report documents a
single institution’s initial experience with minimally
invasive mitral reconstruction, with intermediate-term
clinical and echocardiographic follow-up.
A dvances in minimally invasive approaches for car-diac operations have been achieved in the last sev-
eral years. The development of new techniques and can-
nula systems has allowed surgeons to place bypass
grafts on the heart and perform valvular heart opera-
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Methods
From May 1996 through February 1999, 100 consecutive
patients at our institution underwent primary mitral valve
reconstruction with ring annuloplasty for severe mitral insuf-
ficiency through the Port-Access minimally invasive tech-
nique (Heartport, Inc, Redwood City, Calif).8 Primary mitral
valve reconstruction means the patients had no prior cardiac
operations, and the operative procedure was an isolated mitral
valve reconstruction (excluded are concomitant coronary
artery bypass grafting and multiple valve operations). During
this time interval, this procedure included peripheral car-
diopulmonary bypass, percutaneous coronary sinus cardio-
plegia, and endovascular aortic balloon occlusion. A small
right anterior thoracotomy was performed for access to the
mitral valve. Standard mitral reconstructive techniques, in-
cluding ring annuloplasty, were performed and have been
described previously.9,10 The last 100 consecutive patients
undergoing sternotomy approach primary mitral valve recon-
struction at our institution were identified as the control pop-
ulation (September 1993–November 1999). This homoge-
neous patient population was examined to identify the effect
of technique on short- and long-term outcome. Eleven of
these patients undergoing the sternotomy approach were
operated on after the commercial release of the minimally
Fig 1. A, Cumulative survival from late cardiac death. B, Cumulative survival from all late death. SS,
Standard sternotomy approach; MI, minimally invasive approach.
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invasive equipment by surgeons performing the minimally
invasive approach. These patients will be discussed subse-
quently.
Operative information and patient demographics for
patients undergoing mitral valve reconstruction are routinely
collected at our institution. Hospital morbidity was tabulated
by using the types of operative complications listed on the
New York State Adult Cardiac Surgery Report Form. Clinical
research nurses maintain biannual contact with the patients
and record follow-up information, including clinical status
and echocardiographic studies. Echocardiography was used
to evaluate mitral insufficiency on a 3-point scale as none (0),
mild (1), moderate (2), or severe (3). A total of 425 years of
patient follow-up was reviewed in this report (mean 33
months). The statistical software program SPSS (SPSS, Inc,
Chicago, Ill) was used to analyze the data. χ2 Analysis was
used for categoric variables, and the t test was used for con-
tinuous variables. Survival analysis was performed by using
life table methodology; differences were tested with a
Wilcoxon statistic. Actual or cumulative incidence analysis
was performed for analysis of complications.11,12
Results
Table I compares patient demographics between the
2 surgical approaches. Although the patient ages and
pulmonary artery pressures were similar, the preopera-
tive New York Heart Association (NYHA) functional
classification was worse in the group undergoing the
sternotomy approach (2.6 ± 0.6 vs 2.1 ± 0.5, P < .001).
The patients undergoing the minimally invasive
approach had a higher incidence of degenerative cause
and a lower incidence of rheumatic cause for the valvu-
lar disease (Table II). The average cardiopulmonary
bypass time was 7 minutes longer with the minimally
invasive approach (135.3 ± 25.9 vs 128.0 ± 46.0 min-
utes, P = .18). Similar numbers of anterior and posteri-
or leaflet procedures were performed in each group
(Table III). The hospital mortality was 1.0% for the
sternotomy and 0.0% for the minimally invasive
approach. Permanent neurologic perioperative events
occurred in 1.0% of patients undergoing sternotomy
and 2.0% of the patients undergoing the minimally
invasive approach. No aortic dissections or injury
occurred in either patient group. Freedom from any
Table I. Patient clinical characteristics and comparison between the minimally invasive and standard sternotomy
approaches for isolated mitral valve reconstruction
SS (n = 100) MI (n = 100) P value
Age (y) 55.3 ± 17.2 56.2 ± 13.6 .70
Preoperative NYHA 2.60 ± 0.60 2.10 ± 0.50 <.001
Bypass time (min) 128 ± 46.0 135.3 ± 25.9 .18
Sex, % male 55% (55/100) 71% (71/100) .02
Ejection fraction 52.9 ± 15.3 55.9 ± 10.7 .13
Pulmonary systolic pressure (mm Hg) 41.7 ± 19.4 36.2 ± 14.9 .04
Diabetes mellitus 5% (5/100) 3% (3/100) .47
Hospital mortality 1.0% (1) 0.0% (0) .32
Permanent neurologic deficit 1.0% (1) 2.0% (2) .64
Without major hospital morbidity* 88% (88) 91% (91) .49
Residual mitral insufficiency at 1 y† 0.79 ± 0.06 0.77 ± 0.06 .89
NYHA 1-y postoperatively 1.5 ± 0.05 1.24 ± 0.05 <.01
Freedom from reoperation at 1 y 94.4% 96.8% .38
Results are given as mean ± SD where shown. SS, Standard sternotomy approach; MI, minimally invasive approach.
*Morbidity is defined by New York State Adult Cardiac Surgery Report Form major hospital morbidity, including stroke, transmural myocardial infarction, deep ster-
nal wound infection, bleeding requiring reoperation, sepsis or endocarditis, gastrointestinal bleeding, perforation or infarction, renal failure, dialysis, or respiratory
failure.
†Echocardiographic scale: 0, none; 1, mild; 2, moderate; 3, severe.
Table II. Incidence of pathophysiology of mitral
insufficiency categorized by surgical approach
SS MI
(n = 100) (n = 100) P value






SS, Standard sternotomy approach; MI, minimally invasive approach.
Table III. Incidence of operative technique for mitral
repair categorized by surgical approach
SS MI 
(n = 100) (n = 100) P value
Posterior leaflet resection 80.0% 81.0% .85
Anterior leaflet resection 32.0% 39.0% .30
SS, Standard sternotomy approach; MI, minimally invasive approach.
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hospital morbidity was 88% for the sternotomy
approach group and 91% for the minimally invasive
approach group (P = .49).
Fig 1, A and B, respectively, depict the cumulative
survival curves from freedom from late cardiac death
and all death. At 1 year of follow-up, residual mitral
insufficiency was similar between the sternotomy and
minimally invasive approach groups (0.79 ± 0.06 vs
0.77 ± 0.06, P = .89, 0-3 scale), and likewise, the
actual freedom from reoperation was similar (94.4%
vs 96.8%, P = .38) at 1 year (Fig 2). Indications for
reoperation within the first year are listed in Table IV.
NYHA functional classification at follow-up was dif-
ferent, with the patients in the minimally invasive
approach group being less symptomatic (1.2 ± 0.05
vs 1.5 ± 0.05, P < .01). Although the patients in the
minimally invasive approach group had a better pre-
operative NYHA functional class, the net improve-
ment in functional class was similar in the 2 groups
(1.01 ± 0.74 for sternotomy approach vs 0.85 ± 0.61
for minimally invasive approach, P = .12). Multi-
variable analysis revealed that only preoperative
NYHA class (95% confidence interval [CI], 0.006-
0.362; P = .005) was significantly associated with
NYHA class at follow-up.
Fig 3 depicts the cumulative survival from all valve-
related complications (thromboembolic, anticoagula-
tion, endocarditis, and reoperation for valve failure).
No differences were noted in the late complication
rates between the 2 surgical approaches.
Discussion
These results demonstrate that a minimally invasive
approach to mitral reconstruction can be accomplished
with low perioperative risk while achieving the same
intermediate-term results as the standard sternotomy
approach. The lack of sternotomy, partial sternotomy,
or rib osteotomies with the Port-Access minimally
invasive approach avoids the complications associated
with these bony incisions. Additional secondary bene-
fits, such as decreased hospital stay,6 lower blood use,13
diminished patient discomfort,14 and enhanced recov-
ery times,6,14,15 have been well documented previously.
Similarly, other authors have reported excellent periop-
erative results for the minimally invasive approach for
Table IV. Indications for mitral reoperation within the
first postoperative year
SS (n = 100) MI (n = 100)
Endocarditis 2 2
Residual 0 1
Repair dehiscence 2 0
Progression of rheumatic disease 0 1
SS, Standard sternotomy approach; MI, minimally invasive approach.
Fig 2. Cumulative survival from mitral reoperation of any cause. SS, Standard sternotomy approach; MI, minimal-
ly invasive approach.
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mitral valve operations.4 Despite these early encourag-
ing results, there have not been significant late follow-
up reports after minimally invasive mitral valve recon-
struction until now. This report demonstrates that the
intermediate results of the minimally invasive approach
for mitral reconstruction achieve patient improvement,
repair durability, and echocardiographic results equal
to those of median sternotomy.
It is noteworthy that the minimally invasive approach
group patients were referred for the operation at an ear-
lier symptomatic point in the course of their disease.
All patients had severe insufficiency and either
decreased ventricular function, decreased left ventricu-
lar stress performance, or symptoms. We can speculate
that that the referral of patients with less NYHA func-
tional impairment was due to either improved physi-
cian awareness for timing of intervention16,17 or a low-
ered threshold for surgical intervention, with a
minimally invasive approach being available. Ir-
respective of the reasons for earlier intervention, this
report confirms that earlier intervention results in bet-
ter long-term patient functional status16,17 and im-
proved ventricular function. This should ultimately
translate into improved late survival.
It also should be noted that the minimally invasive
approach group patients were a more consistent group
with respect to the cause of valvular pathology, with
92% of the patients having a degenerative cause com-
pared with 72% in the 100 previous sternotomy
approach group patients. This heterogeneity of cause
will strengthen the power of long-term studies of the
efficacy of the minimally invasive technique because
this cohort is followed over multiple years.
During this initial experience with minimally inva-
sive mitral valve repair, 11 patients underwent the stan-
dard sternotomy approach. This was due to the pres-
ence of either severe obstructive peripheral vascular
disease or intraoperatively diagnosed atheromatous
disease of the transverse arch and descending aorta.
Such a low incidence of the sternotomy approach dur-
ing this time period defines the bias of the surgeons
performing this procedure: the minimally invasive
approach was performed in all patients in whom con-
comitant vascular disease did not preclude its use. This
bias is presumably the basis for the shift in patient
demographics that occurred over time. Physicians
referred patients earlier, with less-advanced ventricular
damage for the less-invasive procedure, and patients
actively sought our institution for this approach.
Currently, a newer version of the aortic endovascular
occluder has become available, which permits cannula-
tion of the ascending aorta and antegrade perfusion.
This technique now allows us to offer a minimally inva-
sive approach to most patients in this subset.
Fig 3. Cumulative survival from all valve-related complications (anticoagulant, endocarditis, and thromoembolic)
and mitral reoperations. SS, Standard sternotomy approach; MI, minimally invasive approach.
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In summary, this study demonstrates that minimally
invasive mitral valve repair results in comparable 1-
year echocardiographic results and similar net
improvement in NYHA functional class when com-
pared with patients undergoing the standard sternotomy
approach. The minimally invasive approach for mitral
valve repair is reproducible and durable and should be
adopted more widely in view of the documented advan-
tages of shorter postoperative recovery times and
avoidance of chest wall skeletal trauma.
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